On account of figures such as these I now attach much more weight to the amount of urea passed in the second hour than to the actual percentage, and I think that if 20 gr. or upwards are excreted dclring this time the prognosis after operation is good.
(2) Diseases of the Kidneys.
In these cases the urine has been drained off by catheterization of both ureters during the second hour after the urea draught has been administered. In most cases the quantity of urine passed has not been measured, as the catheters have only been left in position long enough to obtain a satisfactory sample.
In cases of renal calculus there has always been a distinct lowering of the concentration on the diseased side. With a small stone in the renal pelvis this is but slight, a typical case being: Diseased side, 2 per cent.; healthy side, 2'4 per cent. The power of concentration diminishes with the amount of destruction to the kidney. Hydronephrosis (b) Renal Tubercle.-In these cases only the healthy ureter has been catheterized, and in every unilateral case the healthy kidney gave a concentration of over 2 per cent.
In healthy cases where both ureters have been simultaneously catheterized, a marked difference of the diuresis from the two kidneys has not been noticed, so that I think the urea concentration gives a fair idea of the functional activity of the two organs.
Professor H. MACLEAN (St. Thomas's Hospital). (ABSTRACT.) In endeavouring to come to some conclusion as to the best methods for estimating renal efficiency, it is perhaps sometimes forgotten that given efficient methods, the simpler the procedure the more helpful is it likely to prove. With plenty of time and a well equipped modern laboratory, it is quite possible to arrive at a definite conclusion as to the functional activity of the kidneys in every case without exception. Few, however, are the cases in which an elaborate investigation is required, and the more experience one has in estimating renal efficiency the more obvious does it become that lengthy, elaborate and complex procedures are not required.
Directly or indirectly I have tested altogether over 14,000 patients for renal efficiency; a certain number of these cases were associated with genito-urinary complications, but the majority were subjects who had contracted nephritis in the Army, and who came under my notice in connexion with work done for the Ministry of Pensions. As the result of this experience it appears to me that the following tests are quite sufficient to determine the condition of the kidneys in the great majority of patients.
(1) Estimation of blood urea.
(2) Urea concentration test (MacLean and de Wesselow).
(3) Relation of blood urea concentration to concentration of urea in urine.
Besides these tests many others have been employed from time to time, and I have always made use of the diastatic test as well, but though this test is of some value in a general way, especially in cases of interstitial nephritis, it has not proved helpful in my hands when dealing with patients whose renal efficiency depended on genito-urinary lesions such as stricture or enlarged prostate. Indeed, for such cases the test might be discarded altogether. At one time or another I have employed practically all the known tests for renal inefficiency as well as many modifications that have never been published, but have found the majority of them sadly lacking. I have now come to the conclusion that the three tests suggested above are all that is required, at any rate for the class of cases under discussion to-night. It is far better to take up a certain number of tests and learn to appreciate their limits and their possibilities rather than flutter about from test to test without really ascertaining what the results mean or how they should be correctly interpreted. Again, it is most important to remember that no single test is per se of much value in all cases, and when there is any doubt, all the tests done must be considered in relation to each other. At the same time the clinical condition of the patient must never be forgotten in arriving at a conclusion.
(1) Estimation of Blood Urea.
In estimating the blood urea, it is important to have some standard as to the average normal value. The tendency of the American school is to place the average concentration of blood urea at about 20 or 25 mgr. per 100 c.c. blood. This may be all right in the case of young individuals, but it is far from representing the average in subjects well advanced in years. Frequently a man aged 65 or 70 with quite normal kidneys for his age will show a blood urea concentration of 40 to 45 mgr. per 100 c.c. or more, and perhaps one might even take 50 mgr. as the maximum in such cases. Since the majority of patients suffering from such conditions as enlarged prostate and other genitourinary lesions are old men, this observation is very important. When the blood urea reaches 75 to 80 mgr. per 100 c.c., then, under ordinary conditions, it is of itself direct evidence of renal inefficiency, but values of 50 to 60 mgr. or so may or may not be of much significance and must be interpreted in the light of the other tests to be discussed, i.e., the urea concentration test and the urea concentration factor.
Again, blood urea depends largely on the amount of food taken, and a patient with dangerously inefficient kidneys may show quite a low blood urea. In a patient under my care suffering from interstitial nephritis and showing signs of uramia, the blood urea was reduced from 180 mgr. to 30 mgr. per 100 c.c., yet the patient died of ureemia. This result proves incidentally that urea has nothing to do with uremia. The blood urea concentration is merely an index of renal efficiency: urea in the body in large excess of the normal seems to have little or no deleterious action.
In this connexion it must not be forgotten that various conditions besides renal inefficiency will produce an increase of blood urea. If, for instance, the heart is acting badly the blood urea may be comparatively high, but this is easily explained by the fact that the blood pressure is not sufficient to produce the normal amount of urine. The kidneys may be healthy, but one of the factors necessary for excretion is inoperative, and so urea and other products are retained. In such conditions as very severe diarrhcea, it is not uncommon to find large amounts of urea in the blood. Here, again, the mechanism is obvious, most of the body fluid being passed by the bowels and not by the kidneys. In such cases the blood urea alone is a very false guide, but if we estimate the amount of urea in a sample of urine it will be found to be high in direct contrast with what we find in renal deficiency. Various other extrarenal factors produce the same result. The importance or otherwise of increased blood urea is easily ascertained by correlating the result with the other two tests discussed below. When blood urea concentration alone is relied on as evidence of renal inefficiency it is quite possible to make very gross mistakes, for an apparent reduction in blood urea after, say, a preliminary cystostomy with drainage, might actually be dependent on a change of diet and the renal condition might be really worse than it was before.
(2) Urea Concentration Test.
The urea concentration test should be done in all cases if the local conditions are such that samples of urine can be obtained. The test is so simple that it can be carried out by any practitioner and frequently no other test is necessary. The patient empties his bladder and receives immediately afterwards by mouth 15 grm. of urea dissolved in about 100 c.c. of water. If possible, no fluid should be taken six to ten hours before the test. After one hour the bladder is emptied and the sample measured and preserved for urea estimation. The same process is repeated in another hour (two hours after receiving the urea) and if necessary a third sample may be taken at the end of a third hour. Generally the second sample shows the maximum concentration of urea, and if this is over 2 per cent. the kidneys may be taken to be fairly efficient. If the urea in any sample exceeds 2'5 per cent. or so, it may be taken for granted that the kidneys are efficient for all practical purposes and that the blood urea is normal in amount. In such a case no further investigation is necessary. If the concentration is in the region of 2 per cent. there is also little chance of increased blood urea concentration being present, or if there is, it is not marked and is of little account. It is, therefore, possible to state in a general way that when the urea concentration test gives a result over 2 per cent. the kidneys are fairly efficient; the higher the concentration of urea the better is the renal condition. When the urea concentration test gives a figure decidedly below 2 per cent. the kidneys are not likely to be quito efficient, and when the result is in the region of 1-5 to 1 per cent. or lower it may be taken for granted that a considerable defect exists, especially in cases with values in the region of 1 per cent. It is very important however to note that values below 2 per cent. may be caused by diuresis, so that, on the whole, not more than 120 to 130 c.c. of urine should be passed during the hour the specimen examined is being secreted. If more than this is passed, and if the concentration is nearly up to 2 per cent., a certain allowance may be made, but if the concentration is lower than this (say 1 to 1'5 per cent.) and diuresis has been a marked feature, the test should be repeated. If when made a second time the test fails to give a specimen of urine containing up to 2 per cent. urea, it may be assumed that the renal condition is not very satisfactory.
(3) Urea Concentration Factor. One of the principal functions of the kidney is to produce a fluid which contains very much more urea than is contained in an equal volume of blood. Thus, 100 c.c. of the blood of a normal young individual contains say 20 mgr. urea, while 100 c.c. of the urine will contain probably about 1,600 mgr. (i.e., 1-6 per cent. urea). It is obvious that in such a case the concentration in the urine is eighty times the concentration in the blood. This factor (referred to as the urea concentration factor) is a most important one. In obtaining the factor it is best to empty the bladder and then after an hour to pass water. Immediately after passing urine a sample of blood is taken. Theoretically, it would be better to take the blood about the middle of the hour, as this would allow for possible variations of the urea in the blood, but, unfortunately, in nervous patients especially, the slight operation necessary to obtain blood may cause a diuresis and so upset the result. The urea concentration factor is obtained from the formulamilligrams of urea in 100 c.c. urinie milligrams of urea in 100 c.c. blood and should normally be from about 60 to 80. When the renal efficiency is somewhat impaired it may be only 30 to 40; if below 20 the condition is generally bad, and if below 10 it is usually severe. I have seen a factor of rather less than 2 in a very severe case immediately before death.
Various modifications of this factor in connexion with the urea concentration test have been worked out in my laboratory and American workers have published some observations bearing on this point. In my experience, however, the ordinary urea concentration factor as described here, when used in conjunction with the other -tests, is all that is necessary, and prevents certain complications inherent in a correlation of blood urea estimation with the urea concentration test.
Besides the above, the phenol red test is in extensive use, but has not proved very successful in my hands. It is easy to get results, but difficult to be certain that these results are at all correct. No doubt under certain conditions it is very useful, but in genito-urinary cases where blood is so often present in the urine the test cannot be used. With care no doubt it may frequently be useful, but it is certainly more difficult to carry out satisfactorily than the other tests mentioned, and when these tests are done the phenol red method is unnecessary.
The three tests described have been used as a routine method on all cases of genito-urinary surgical conditions at St. Thomas's Hospital. The results have been quite satisfactory and several of the statements made above are based on the investigation of these cases., When the renal condition was passed as " efficient " no post-operative death took place as the result of renal inefficiency. In the very few cases that ended fatally the causes of death were found post mortem to be general peritonitis, perforated gastric ulcer, pneumonia and acute septic kidneys. Where the renal condition was inefficient or very bad the necessary operative interference was frequently followed by fatal results; in very bad cases even a cystostomy under gas and oxygen, or some such anasthetic, frequently proved fatal. As Mr. Nitch will deal with this aspect of the subject I-need not refer further to it but it is obvious that certain very definite rules should be followed in all cases requiring, say, enucleation of the prostate or any major operation when the kidneys are found to be inefficient. With care and skilful treatment many lives that would otherwise be lost can be saved, and apparently hopeless cases from the renal point of view may frequently be improved to such an extent that an operation which would at an earlier stage have proved fatal can be undertaken with satisfactory results. I cannot, however, emphasize too strongly what I have frequently stated before' that any patient with 100 mgr. or so of urea per 100 c.c. blood should never be allowed to undergo a major operation with a general anasthetic. Under such conditions the gieat majority of patients die and the few exceptions only emphasize the rule. Even in bad renal cases, however, such minor procedtires as cystostomy and drainage may be carried out successfully but here it appears to me that much depends on the skill of the operator. In a healthy adult, on an ordinary diet, the normal figures for the respective tests are as follows:
(1) Percentage of urea in total quantity of urine secreted in twenty-four hours = 1'5 per cent.
(2) The concentration of urea in the urine, after a dose of 15 grm. of urea in 100 c.c. of water, should be about 2 per cent. in the second and third hour.
(3) Blood urea: there should be from 20 to 50 mgr. of urea in 100 c.c. of blood. The lower figure applies to the young, the higher one to the old. It is important to realize at the outset that any single one of these tests may be misleading, but when taken in conjunction they yield a very reliable indication of the function of the kidney. In fact a few days ago I showed Professor MacLean a tabular statement of over a hundred cases subjected to operation, and after reading the results of the tests, he gave an accurate forecast of the issue in every case.
In order to emphasize the importance of basing an opinion on the combined results, I will now briefly point out some of the fallacies of the individual tests.
(1) The percentage of urea excreted in twenty-four hours of course depends entirely on the diet. One in which proteids predominate will yield a higher percentage of urea than one consisting mainly of carbohydrates. It has been found that about 1'5 per cent. is the normal with the ordinary full diet of a, hospital.
(2) The urea concentration in the urine collected at the end of the second and third hour, after a dose of 15 grm. of urea in 100 c.c. of water. Normally, about 120 c.c. of urine should be secreted in each hour and should contain ov,er 2 per cent. of urea. If the kidneys are healthy, the percentage usually increases slightly in the second hour.
Occasionally, and particularly in the absence of polyuria, there is pronounced diuresis after the dose of urea and the percentage excreted is lower than normal. This may be safely attributed to the diuresis and the percentage of urea taken at a higher figure, or the difficulty may be overcome by administering a second dose of urea, for example:
One of my cases, a male, aged 77, with an enlarged prostate, without polyuria, secreted 95 c.c. of urine containing 1'8 per cent. of urea in the second hour and 140 c.c.
